Background: Obesity in pregnancy is a global health problem which is associated with poor pregnancy outcomes. The use of weight and height, measured at about ten weeks of gestation, to produce pre-gestational body mass index is recommended for the diagnoses of the condition but limitations abound in under resourced settings. Objectives: To measure anthropometric indices such as mid upper arm circumference, calf circumference, waist circumference and waist to hip ratio, for identification of obesity in pregnancy. Methods: Anthropometric measurements were carried out on cohorts of pregnant women from 4 hospitals in Enugu, South-eastern Nigeria. Results: There were no significant difference in the mean mid upper arm circumference (MUAC) and calf circumference (CC) across the trimester groups. The mean values of waist circumferences, hip circumference and waist to hip ratios changed significantly across the trimesters. The 75 th percentile of MUAC (33 cm) and CC (39 cm) in all trimesters, had sensitivity and specificity of more than 70% for identifying obesity in pregnancy. Conclusion: MUAC and CC values of 33cm and 39cm respectively might be reliable cut off points for diagnoses of obesity throughout pregnancy in Enugu, Nigeria
Introduction
The accumulation of excessive body fat otherwise referred to as obesity, is a major risk factor for poor pregnancy outcome. 1, 2 It is most commonly classified using the Body Mass Index (BMI) which is defined as person's weight in kilograms divided by the square of the height in meters (kg/m 2 ) -a BMI of 30 kg/ m 2 or greater is considered as obesity for both pregnant and non pregnant populations. 1, 2 In pregnancy, a pre-pregnancy BMI or that calculated at initial booking visit (by 10 weeks of gestation) is used for the diagnosis of obesity in pregnancy. 2 Furthermore, three classes of obesity have been identified thus: Class 1 (BMI 30.0-34.9) ; Class 2 (BMI 35.0-39.9); and Class 3 or morbid obesity (BMI 40 and over). 3, 4, 5 Prevalence of obesity in pregnancy has been on the increase in both developed and developing countries, [5] [6] [7] [8] and Nigeria may not be an exception.
A report from Tanzania showed that the incidence of obesity among antenatal women had increased from 3.6% in 1995 to 9.1% in 2004. 6 . In England, obesity in pregnancy has increased from around 10% in the early 1990s to 16-19% in the 2000s. 7 Likewise, in the United States of America, the prevalence of maternal obesity ranges from 18.5% to 38.3%. 1, 8 In Nigeria, a prevalence of 7.7% was reported from a hospital based study in Abakiliki, Ebonyi state. 9 Obesity in pregnancy is associated with many adverse effects including maternal deaths. 10, 11 Other complications include preeclampsia, gestational hypertension, gestational diabetes, sleep apnoea, non alcoholic fatty liver disease, intrauterine death, increased risk for caesarean operation, increased post operative complication such as infection, haemorrhage and deep vein thrombosis, increased urinary symptoms such as stress incontinence and urgency. 1, 9, [11] [12] [13] [14] [15] [16] Furthermore, the effects on fetal outcome include macrosomia with its associated risks, increased childhood obesity, hypertension, diabetes and metabolic syndrome. 17 Traditionally, BMI is used to classify pregnant women as underweight, normal, overweight, or obese. It is recommended that this index be calculated for all women using appropriate measurements, during the initial booking visit at about 10 weeks of gestation. 18 Nevertheless, the use of BMI in identifying obesity in pregnancy may not be a sensitive and specific criterion because of the additional weight gain due to the presence of the fetus and placenta, as well as the increase in size of maternal organs especially the breasts and the uterus. 19 Also, there may be accumulation of fluid in the extra cellular spaces in pregnancy which would increase the maternal weight. 19 On the other hand, the lordosis which occurs in pregnancy may be associated with a decrease in height of the woman. 20, 21 Furthermore, an increase in height of the adolescent pregnant women is a possibility. 20 Most importantly, very few women register for antenatal care at about 10 weeks of gestation, even in developed countries. 7 The average gestational age at booking in the study area was 26 weeks. 22 These considerations might have influenced the use of absolute weight of 90 kg and above, at any period during pregnancy, as the definition of obesity in pregnancy in our environment. 23, 24 However, the reliability of this assumption calls for further studies.
It is obvious that the appropriate management of maternal obesity can only be possible with a consistent and reliable identification of those women who are at risk. 1 In view of the short comings of BMI stated above, it is important to identify reliable alternatives. This study assessed the use of Mid Upper Arm circumference (MUAC), Hip circumference (HC), Waist circumference (WC), and Calf circumferences (CC) as low cost measures of obesity in pregnancy. These measures avoided the use of mathematical calculations, sophisticated equipments, and regular equipment standardization which are important considerations in under-resourced settings.
Methods
This was a cross-sectional study of 578 consecutive consenting pregnant women receiving pre-natal care in 4 hospitals located at different areas in Enugu metropolis, Enugu state, Nigeria. Enugu town is the capital of Enugu state which is one of the five states in the predominantly Igbo speaking Southeast geopolitical zone of Nigeria. A summary description of the Enugu state of Nigeria has been described in a recent report. 25 The study centers included University of Nigeria Teaching Hospital (UNTH) Enugu (government specialist hospital); Mother of Christ Specialist Hospital, Enugu (Mission specialist hospital); St. Patricks Specialist Hospital and Maternity Enugu (Private specialist hospital); and Colliery Hospital Enugu (government general hospital).The hospitals were selected purposively based on their capacity to offer comprehensive emergency obstetric services and antenatal care to women from all socio-economic classes. The study was conducted over three month period of September to November 2011. All consenting healthy pregnant women receiving care at the selected hospitals within the study period were eligible for the study. Exclusion criteria included unsure of date of last menstruation, multiple pregnancies, leg edema up to mid-shin, and medical diseases in pregnancy such as diabetes mellitus and HIV infection. Study participants were categorized into three groups (trimesters) according to the age of the pregnancy in weeks. Each participant's age, parity, and gestational age were recorded in a proforma prepared for the study.
Participant's weight and height were measured with a standardized T160 Health Scale (Techmel &Techmel USA) in a private room, while the woman was minimally dressed and without foot wears. Participants' weights and heights were measured to the nearest 0.5 kg and 0.1 meter respectively; and their BMI were calculated as described in the introduction. Subsequent measurements were made to the nearest millimetre or centimetre using two surfaced non-stretchable tape -one surface was graduated in centimetres while the other was in inches. During the measurements, the centimetre surface was facing down to minimise observer bias. Mid arm circumference was measured at the midpoint between the acromion process and the olecranon process of the humerus with the upper limbs hanging loosely by the participant's side. Calf circumference was measured at the point of widest diameter of the calf while participants were standing. Each of these measurements was carried out on the left limb of the participants.
Waist circumference was measured by identifying the upper border of the hip bone and placing the tape around the subject at that level and the level of the navel. Hip circumference was measured at the widest portion of the gluteal region. Waist to hip (W/H) ratio was calculated by dividing the waist circumference by the Hip circumference. For each study participant, each anthropometric parameter was measured twice and the mean value recorded. The measurements were carried out between 0900 to 1200 hours, by trained assistants (midwives) blinded to the study objectives.
Data analyses were both descriptive and inferential using SPSS software version 15. The frequency command of the descriptive statistics was used to determine percentiles while associations were compared using ANOVA and Pearson's correlation coefficient as appropriate. A p -value of less than 0.05 (ANOVA) or 0.01 (correlation co-efficient) was considered significant.
For the purpose of this study, first trimester ends at 13 weeks of gestation from the first day of the last menstrual period, second trimester -14 to 27 weeks, while third trimester extends from 28 to 40 weeks of gestation. The estimated weight gain (EWG) in kilograms was derived by subtracting 10 from each participant's gestational age (GA) and multiplying the difference by 0.44. This was based on a study from Nigeria which reported that the mean maternal weight gain, from 10 weeks to 40 weeks of gestation, was 13.3kg, 26 (which translated to an average of 0.44kg per week). The estimated maternal weight at 10 weeks gestation was therefore derived by subtracting the EWG from her measured weight. Furthermore, because BMI calculated by 10 weeks of gestation could be used for the diagnosis of obesity in pregnancy, 2 this study assumed that estimated weight at 10 weeks gestation was equivalent to pre-pregnancy maternal weight. 
Results
Five hundred and seventy eight women participated in the study and were stratified into three cohorts (trimesters) according to their gestational age thus: 143 women (24.8%) were in their first trimester of pregnancy, 206 (35.6%) in second trimester, and 229 (39.6%) in third trimester. The mean age of study participants was 28.5 ± 4.5 years. (range = 15 -40). There was no significant difference in participants' mean age across the trimester groups (p = 0.32). A majority (47.1%) of the study participants were nulliparous, 267 (46.2%) were multiparous, while the remaining 6.8% were grand-multiparous. The participants' mean heights were comparable across the three groups (p = 0.41). The mean values of participants' weight, BMI, and WC increased significantly from the first trimester to the third trimester, while those of MUAC and CC did not vary significantly across the three groups (P = 0.74, 0.75 respectively). The Using estimated pre-pregnancy BMI of 30 as the gold standard for obesity and the 75 th percentile of MUAC and CC as cut off points for obesity, the sensitivity, specificity, positive and negative predicative values of MUAC and CC for the determination of obesity in pregnancy were calculated. MUAC had a sensitivity and specificity of 76% and 91% respectively, while CC had a sensitivity and specificity of 78% and 85% respectively. Details of the predictive values of these parameters are shown in the table 3. 
Discussion
Anthropometric measurements taken during antenatal period have been used to predict increased risk of gestational diabetes, preeclampsia, eclampsia, fetal macrosomia, post-term delivery, and caesarean section which are associated with obesity in pregnancy. 27, 28 In this study, pregnant women living in Enugu were studied to ascertain how these parameters could be used to identify obese pregnant women in our environment.
From this study the mean BMI increased significantly from the first to third trimester (table  1) . This is because participants' mean height remained unchanged while the mean weight increased progressively across the trimesters due to the reasons described in the introduction; including the increase in size of maternal uterus and other organs as well as weight of the fetus and placenta. 19 It is therefore obvious that BMI is not a specific index for identifying obesity throughout pregnancy because women's weight increased as gestational age increased while height remained constant. This may explain the use of pre-pregnancy BMI or that around 10 weeks of gestation for the definition of obesity in pregnancy. 2 However, in our environment where women are neither aware of their pre-pregnancy weight nor book early in pregnancy, MUAC and CC which were not affected by pregnancy in this study, could be promising indices for identifying obesity in pregnancy. According this study, MUAC seemed to be a better test than CC, for the screening of obesity throughout pregnancy, considering its higher sensitivity and specificity (table 3) . Likewise, MUAC might also be more clinically relevant than CC for the screening of obesity in pregnancy because it produced higher predictive values at about the same disease prevalence. Nevertheless, further study, devoid of the assumptions and limitations noted below, is proposed to compare the accuracy of MAUC and CC for screening of obesity in pregnancy.
MUAC from our study has strong positive correlations with maternal weight (BMI) but there was no significant difference in the three trimester groups which suggests that MUAC is independent of gestational age and could be used to identify obesity in women regardless of the age of pregnancy. This finding agreed with reports from previous studies. 29, 30 Furthermore, this study also showed that CC correlated with BMI but the association was not as strong as that of as MUAC, which is consistent with the reports by Khadivzadeh and co-workers. 31 On the other hand, CC did not vary significantly across the 3 trimester groups in this study which is contrary to the findings of a longitudinal study in Columbia that showed a significant difference in calf circumferences between the second and third trimester groups of women. 32 It was likely that their study participants developed edema later in pregnancy unlike in our study where women who had edema up to the mid-shin were excluded from the study. This study therefore suggests that calf circumference may be a pointer to the pre-pregnancy weight of the woman in our environment in the absence of leg oedema.
Waist circumference and waist to hip ratio are measures of central adiposity used to predict adverse pregnancy outcomes. Various studies have tried to assign cut off points of waist circumference for preeclampsia, gestational diabetes and dislipidaemia. 27, 33 In our study, mean waist circumference increased significantly from first to second trimester, contrary to the study by Wendland and co-workers which showed that waist circumference did not increase significantly until 28 weeks of gestation. 27 Though waist circumference correlated positively with BMI in this study, it increased across the trimesters; so, in order to use WC to identify obesity in pregnancy in our environment, different cut off may be needed for different ranges of gestational age. This consideration also goes for HC which was found to increase significantly across the trimesters in this study.
Hip circumference which has been known to be inversely related to adverse effects of obesity, 32 was also seen to vary significantly across the trimester groups. It was found that women who had an increase in hip circumference gave birth to normal birth weight neonates while reduction or static hip circumference was associated with low birth weight. 32 In our study, waist circumference increased more than hip circumference hence the increase in mean W/H ratio. Like the WC, W/H ratio may be useful in the identification of obesity in pregnancy in our environment, if different cut offs points are set for different trimesters.
This study estimated the maternal weight at 10 weeks of gestation; and because BMI calculated by 10 weeks of gestation could be used for the diagnosis of obesity in pregnancy, 2 the estimated weight was also assumed to be equivalent to the maternal pre-pregnancy weight. These limitations were inevitable since most pregnancies in the study environment were unplanned, 34 and the awareness of pre-pregnancy weight was an exception. Likewise, pregnant women in the study area do not book early for antenatal care so, their actual weights at 10 weeks of gestation were not available. The assumptions noted above could have introduced measurement bias into the study but its effects on the study estimated were likely to be minimal and nondifferential.
Conclusion
Obesity impacts negatively on the progress and outcome of pregnancy, therefore the need for a reliable measure cannot be overemphasized. Our study has shown that MUAC and CC values of 33 cm and 39cm respectively might be reliable cut off points for diagnosis of obesity throughout pregnancy in our environment. This finding is remarkable because the study area is characterized by undeveloped preconception care and late antenatal booking which makes the awareness of prepregnancy or maternal weight at 10 weeks of gestation almost impossible to women. Nevertheless, a population study would be necessary to validate this study's results.
